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SECTION I SUMMARY 


During March 1962, hypersonic tests of three basic models were 
conducted in the CAL 48-inch Hypersonic Shock Tunnel for the Boeing 
Airplane Gompany. The tests were run in the 23-inch and 46-inch exit- 
diameter contoured nozzles of the CAL Tunnel. The three models teeted 
were: a blunt leading-edge model with sweep angles, \, of 55°, 60° and 
65° ; a hemisphere-cylinder model; anda sharp flat plate with deflectable 


rear flap and span extensions, The models are shown in Figs. 2--5. 
The objectives of the tests were as follows: 


1. To obtain fully turbulent heat transfer rate and pressure data for 
leading edge, nose and flat surfaces with stream -to-wall property 


ratios characteristic of Dyna Soar flight conditions, 


2. To establish the effect of transverse pressure gradient on roughness 
and leakage effects with laminar and turbulent boundary layer flow. 


3. To define heat transfer, pressure distribution and region of separa- 


tion for aerodynamic control surfaces. 


4. To determine the variation in pressure and heat transfer rate distri- 


butions with model attitudes. 


Test variables for the models were as follows: 


Model Parameters Varied 
Leading Edge Model Mach number, total temperature, sweep angle, 


Reynolds number 


Hemisphere Cylinder Mach number, total temperature, angle of attack 
and roll, Reynolds number 


Flat Plate Mach number, total temperature, angie of attack, 
: flap deflection, flap-gap seal, model span, 
Reynolds number 
Table 1 is a complete listing of the test procedure and the test 
variables, The test data are tabulated in Tables II and Ili and plotted in 
Figs, 6--35. 
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SECTION Il TEST EQUIPMENT 


Shock Tunnel 
The hypersonic shock tunnel in which these tests were conducted is 

described in Refs. 1 and 2. This tunnel employs a constant-area reflected 
shock tube to process air to conditions suitable for supplying a convergent- 
divergent hypersonic nozzle. The shock-processed air is expanded through 
the nozzle to the desired test conditions. The ''tailored-interface'' technique, 
wherein the states of the gases on either side of the driver-driven interface 
are matched, is used to supply test air of sufficient duration to allow accurate 


measurements of model pressures and temperatures. 


Two nozzles were used for this program: (1) a 23-inch exit-diameter 
contoured nozzle which provides parallel flow in the Mach number range 
5.to 8, and (2) a 46-inch exit-diameter contoured nozzle which provides ' 


parallel flow in the Mach number range 12 to 18. 


The test section is of sufficient length to delay the passage of the 
reflected shock until after the test period. The speed of the incident shock / 
and the pressure behind the reflected shock are measured for every run and 


are used to determine the nozzle supply condition. 


The tunnel is equipped with two 16-inch diameter optical-quality 


schlieren windows, 


Models 

The three models tested were designed and fabricated by the Boeing 
Airplane Company. It was necessary to modify the model bases to permit 
routing of electrical leads. Fig. 1 shows the model installations; Figs. 2--4 
show the three models and their basic dimensions. Figs. 5--7 are photo- 


graphs of the three models. 


The leading-edge model was equipped with leading -edge extensions, 
as shown in Fig. 2, in order to maintain a constant gap between the model 


and the 23-inch exit-diameter nozzle wall. 
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SECTION Il (Cont'd. ) TEST EQUIPMENT 


Instrumentation 

Model pressures were measured by a system developed at CAL to 
meet the particular requirements of shock-tunnel testing These transducers 
are small enough (0. 50-inch daimeter) to allow installation at a desired 
location within the model. They employ piezoelectric crystals and are 
extremely sensitive, permitting pressures as low as 0,005 psi to be 
measured, A dual-element feature of the transducer reduces the accelera- 
tion sensitivity of the transducer to a measured value of 0,0003 psi/g. A 


heat shield precludes temperature or radiation effects. 


The measurement of heat-transfer rates relies on sensing the 
transient surface temperature of the model and employs the ''thin-film" 
resistance gagee * strip of platinum is painted on a piece of Pyrex glass ' 
which conforms to the local model contours. The gage is then baked at a 
controlled temperature. The resulting film is approximately 0.1 micron 
thick and can be considered to have negligible heat capacity and thus high bat 
frequency response characteristics. 


The outputs from all instrumentation are displayed on oscilloscopes 
and recorded on film by Polaroid:Land cameras. 
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SECTION UI NOMENCLATURE AND SYMBOLS 


Cy Heat transfer rate coefficient = tee 
wp Oo WwW 
H Enthalpy - foot-pounds per slug 
K Thermal conductivity of air - BTU per foot-second - degree Rankine 
M Mach number 
i") Pressure - pounds per square inch 
q Dynamic pressure - pounds per square inch 
q Heat transfer rate - BTU per square foot-second 
t Time - seconds i 
T Temperature - degrees Rankine : 
U Velocity - feet per second 
Zz Compressibility factor of air 


Ry/ft. | Reynolds number per foot 


a Angle of attack - degrees 
bp Flat plate flap deflection - degree: 
X Leading edge sweep angle - degrees 


Absolute viscosity - slugs per foot-second 


Density ratio across a normal shock 


ve 
§ 
e Density - slugs per cubic foot 
> Roll angle - degrees | 
Y 


Angle of yaw - degrees 


Model Designations 


LE Leading edge model, A = 55°, no extension 
LE, Leading edge model, X = 60°, extension on 
LE2 Leading edge model, A = 65°, extension on 
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SECTION Ill (Cont'd.) NOMENCLATURE AND SYMBOLS 


FP, Flat plate model, flap gap sealed 
FP, Flat plate model, flap gap open 
FP,S Flat plate model, span extended 
HC Hemisphere cylinder model 


Reference Dimensions for Each Model 
Leading Edge Model 
¢ XREF, = 15D = 5.0 feet: 
D —«== 4,0 inches = .33 foot = leading edge diameter | 
Hemisphere Cylinder . 
XREF, =8D=3., 33"feet : 
D = 5,0 inches = .416 foot = hemisphere diameter 
Flat Plate . oe 


XREF, 7-33 L = .33 foot 


L = 12 inches = 1,0 foot = plate length 6 
D =',5 inches = .0416 feet 
2 woo& = 
S Surface dimension from stagnation point at a = 0° - inches @ 
N Surface dimension normal to stagnation line - inches 
x Chordwise dimension from leading edge - inches 
Y Spanwise dimension from G, of plate - inches 
Subscripts 
0 Nozzle supply stagnation conditions 
0’ Stagnation conditions behind a normal shock 
i Incident shock in driven gas 
Co) Free-stream conditions 
REF. - Reference 
Ww Conditions at model wall 
aw, Adiabatic wall, turbulent Der- 80910 
e Boundary layer edge condition § 


D Dissociated gas 


CAL Report No, AA-1661-Y-1 


SECTION IV TEST PROCEDURE 


Calibrations 

The pressure transducers are calibrated after installation in each 
model. The voltage variation of the transducers is linear over the range 
of pressures normally encountered during testing. These calibrations, in 
conjunction with estimated values for the pressures to be recorded during 
the actual test, also provide the basis for adjusting the gain of the oscillo- 


scopes to achieve maximum readability of the traces. 


The heat transfer gages are also calibrated pricr to the tests. 
The resistance change of each gage due to an applied temperature rise is 
recorded; these calibration constants are then used to compute test gain { 


settings. 


Complete calibration results and procedures are on record at CAL. 


Test Program 


The test program comprised 90 runs, including 31 repeated conditions. / 
Table Lis a complete listing of the test program including all model and 


nozzle canfigurations and test conditions, 


Schlieren photographs were taken of every run; the high luminosity 
that occurred in the test section during the high-density runs caused over- 
exposure and fogging of some of the schlieren pictures. Prints were made 


of all runs and were supplied to the Boeing Airplane Company, 


Runs were repeated if data lost due to faulty film or incorrect gain 
settings were considered excessive. Repeat runs were made at the discretion 


of the engineer in charge. 


Messrs. R. Hanks and W. Kressner were present during the test 


program as representatives of the Boeing Airplane Company. 
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SECTION V | DATA REDUCTION 


Appendix A presents the standard CAL data reduction procedure and 


includes graphical and tabulated information used for the teat. 


In addition to the standard computations, the following reference heat 
transfer rate was programmed for machine computation: 
: k* RN* 
qREF, = -534 Ee (Haw, ~ Hw) 


with the necessary assumptions and derivations as follows: 
U, = .928 U,, ~ feet per second 
H, =H, - 1/2 u,? ~ foot-pounds per saug 


Hay, = 90H, +.10 Hy - .04305 U,.” ~ foot-pounds per slug 


pt = Cp* Qo% P.. ~ pounds per square inch 

Cp* from Fig. 6 of Appendix A as supplied by BAC 

T* = 166.5 (.50 Hy - 130 U,? +.5 Hy) x 10-6 ~ degrees Rankine 
K™ = thermal conductivity at temperature T* from NASA TR-50, 


Fig. 7 of Appendix A 


7% 


e* = ,08392 P*/T* ~ slugs per cubic foot 


Xper, = reference dimension for each model 
The ratio of qAVG. divided by GQnger, was then computed and listed. 


Heat transfer ratios other than those listed were originally requested 
by the Boeing Airplane Company. These ratios were dependent on local con- 
ditions for the blunt leading edge or hemisphere cylinder. It was not practical 
to program these computations because of the excessive time needed for program- 
ming the extersive inputs. The Boeing representatives agreed to eliminate these 


requests. 


In the computation of the Fay-Riddell stagnation heat transfer rate, the 
J 
total temperature behind the normal shock was computed as tT. =T> _s . The 


1 °o 
ratio of ue was obtained from Ref. 3, and all values used are listed in Table I. 


0 
The computation of the absolute viscosity for a given temperature was 


obtained from a combination of Sutherland's equation and computations of 
Hirschfelder, Curtiss and Bird? Fig. 3 in Appendix A shows the viscdsity 
temperature relationship used for all data reduction. D2 £09/0 
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SECTION VI "PRESENTATION OF DATA 


The data are presented in tabular form in Tables and UI. The data 
are separated into pressure and heat transfer groups, and these groups are 
then sub-divided into listings for each model. 


The data are plotted in Figs. 6--35 . The plotted data are divided 
into groupings for each model. The particular divisions for each model 


are presented in the Figure In“ex, 


Example schlieren photographs are shown in Fig. 5. These photo- 
graphs were not used for any shock shape comparisons, but the Boeing 
Airplane Company was supplied with two complete sets of photographs 


for its own use. : 


Pressure data for Runs 70, 86, 87, 88 at a =+15° are presented ‘ 
when possible but may not be reliable. Due to the high inertia loading of 
the transducers compared to the pressure levels, the acceleration sensi- 
tivity of the transducers was much greater than the pressure sensitivity; 


and the outputs were oscillatory and, in general, unreadable. 
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0410 
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Figure 7 
Figure 8 
Figure 9 
Figure 10 
Figure 11 


Figure 12 


Figure 13 


Figure 14 


' Figure 15 


Figure 16 


Pressure and Heat Transfer Distributions Over a Blunt Leading Edge 
R= 55° (6a through 60) | 
Pressure and Heat Transfer Distributions Over a Blunt Leading Edge 
A= 60° (7a through 7o) 
Pressure and Heat Transfer Distributions Over a Blunt Leading Edge 
A = 65° (8a through 80) - 
Effect of Sweep Mgie; A.» On Pressure and Heat Transfer Distributions 


Over a Blunt Leading Edge 
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M = 7.72; R,/ft. = 8.3 x 10 (9a through 9h) 


Effect of Sweep Angle, A, on Pressure and Heat Transfer Distributions 
Over a Blunt Leading Edge 

Mo» 15.17, R,/ft. = 1.2 x 10° (10a through 10£) 
Effect of Angle of Attack on the Pressure and Heat Transfer Distributions 
Over a Hemisphere Cylinder 

Mog = 604 Rét. ~14 x 10°, g = 160° (lla through 11d) 
Effect of Angle of Attack on the Pressure and Heat ‘transfer 
Distribution Over a Hemisphere 

M = 14.8, R/ft. 6 x 10", g = 180° (12a through 12c) 
Effect of Variations in Test Conditions on the Pressure and Heat 
Transfer Distribution Over a Hemisphere Cylinder at o-= 0° 

Mo = 506 ™ 6.4, R,/ft. = 2.22 x 10° 14.37 x 10° 
(13a through 13d) 
Effect of Variations in Test Conditions on the Pressiz. and Heat 
Transfer Distributions Over a Hemisphere Cylinder at oi = 20° 

M = 5.6 > 6.4, R,/ft. = 202 x 10° —14 x 10° 
(14 a through 144) 
Effect of Variations in Test Conditions on the Pressure and Heat 
Transfer Distributions Over a Hemisphere Cylinder at x = 0 

Moo = 13.48 -©15.49, R,/ft. = 2.7 x 10 -» 2,49 x 10° 
(15 a through 15c) 
Pressure and Heat Transfer Distribution On the Compression and Expansion 
Sides of a Hemisphere Cylinder at Am 10° 

M = 6.38, R,/fte = 1.36 x 10° (16a through 16c) 
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Pressure and Heat Transfer Distribution on the Compr.ssion and Expansion 
Sides of a Hemisphere Cylinder at «= 20° 


Me = 6.38, R,/ft = l4x 108 (17a through 17c) 
Pressure and Heat Transfer Variations Around a Hemisphere Cylinder 
at d= 20° 
M 14.8, R,/ft. a6 x 10° (18a through 18c) 
Pressure and Heat Transfer Distribution on the Compression and 
Expansion Sides of a Hemisphere Cylinder at ot= 50° 
Macl5.1, R,/ft. *1.1 x 10? (19a through 190) 
Effect of Angle of Attack on the Axial Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 
° ; a ! 
fp = 0 3 
Moos 6.38, R,/ft. = 14°x 10 (20a through 204) 


Effect of Jingle of Attack on the Axial Pressure and Heat Transfer 
Distribution on a “harp Flat Plate 


Sy = 0, M= 15.1, R,/ft. ~ 1.15 x 10° (21a through 214) 


Effect of Flap Deflections on Pressure and Heat Transfer Distribution 
on a Sharp Flat Plate 
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A= 0, Kay = 6.38, R/it. = 14x10° (22a through 22c) 


Effect of Flap Deflections on Pressure and Heat Trensfer Distribution 
on a Sharp Flat Plate . 


Ax 0°, Meo = 15.1, R,/ft. = 1.15 x 10° (23a through 234) 


Effect of Flap Déflections on the Pressure and Heat Transfer Distribution 
on a “harp Flat Plate 
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Xu =15°, Mey = 6.38, R,/ft. = 14x10 (2ha through 24b) 


Effect of Flap Leflections on the Pressure and Heat Transfer 
Distribution on a “harp Flat Plate 


An 15%, Moy = 15-1, R/ft. = 11x 10° (25a through 25a) 


Effect of Flap Deflections on the Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 


hm =15°, Mo = 15.1, R/ftes 1d x 10? 
Flag Gap Open 
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Figure 27 
Figure 28 


Pigure 29 


Figure 30 


Figure 31 


Figure 32 


Figure 33 
Figure 34 


Figure 35 


Figure 36 


Effect of Flap Deflections on the Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 


K= +15°, M = 6.37, R,/ft. = 14 x 10 


6 (27a through 27d) 


Effect of Flap Deflections on the Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 


Xn 415%, Me = 15.2, R/ft. = Led x 10° (28a through 284) 


Effect of Span Variation on the Pressure ani Heat Transfer 


Distributions over a Sharp Flat Plate 
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= 0, dys 45%, Mop = 6.37, Ry/ft. = 1.38 x 10° (29a through 29f) | 


Effect of Span Variation on the Pressure and Heat Transfer 
Distributions Over a Sharp Flat Plate 


Le 0, Sp= 45%, Mo = 15.1, R,/fte = 161 x 10° (30a ‘thru 304) 


Effects of Span Variation on the Pressure and Heat Transfer 
Distributions Over a “harp Flat Plate 


An 15%, Gm -5%, My = 6658, Ry/ft. = 13.6 x 10 


(31a thru 31f) 
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Effect of Span Variation on Pressure and Heat Transfer 
Distributions Over a “harp Flat Plate 


Ke 15%, Cy = lS, Ma = 15-1, R/ft. = 11 x 10? 


(32a thru 324) 


Effect of Flap Gap Seal on the Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 


Ke -15°,- (a = 0, Mog = 6438, R,/fte 2 14x 10° (33a thru 330) 


Effect of Flap Gap Seal on the Pressure and Heat Transfer 
Distribution on a Sharp Flat Plate 


p= «15°, he 15°, Mog = 6.38, R,/ft. = 14x 10° (34a thru 34c) 


Effect of Flap Gap Seal on the Pressure and Heat Transfer 


Distribution on a “harp Flat Plate 


a= ~15°, Sp = ~H5°s Ma = 6.38, R,/ ite = 14x 10 


(35a thru 35f) 
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Effect of Variation in Test Conditions on the Pressure and 
EKeat transfer Distributions Over a Sharp Flat Plate 


Ae -15°, 5p 


(36a thru 36c) 


baad O°, U = 5.93 6.38, R,/ft. = 3.9 ae ees 14.26 x 10 
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Figure 5-A-| 
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Figure 5-A-2 
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EFFECT OF SWEEP ANGLE, A, ON PRESSURE AND HEAT TRANSFER 
DISTRIBUTIONS OVER A BLUNT LEADING EDGE 
M= 7.72 
Ry/ft. = 8.3 x 10° 
FIGURE 9 
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EFFECT OF SWEEP ANGLE, A, ON PRESSURE AND HEAT TRANSFER j 
DISTRIBUTIONS OVER A BLUNT LEADING EDGE 
M = 15.17 
Ry/ft. = 1.2 x 10° 
FIGURE 10 
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EFFECT OF ANGLE OF ATTACK ON THE PRESSURE AND HEAT 
TRANSFER DISTRIBUTION OVER A HEMISPHERE CYLINGER 
M=14.8 
R /ft. 3 6x ich 
f = 180° 
FIGURE 12 
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EFFECT OF VARIATIONS IN TEST CONDITIONS ON THE PRESSURE AND 
oN HEAT TRANSFER DISTRIBUTION OVER A HEMISPHERE CYLINDER 
ATA = 0° 
My = 5.6 > 664 
_ Ry/ft. = 2.22 x 10° 14.37 x 10° 


FIGURE 13 
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EFFECT OF VARIATIONS IN TEST CONDITIONS ON THE 
PRESSURE AND HEAT TRANSFER DISTRIBUTIONS OVER A HEMISPHERE CYLINDER 
| ATK = 20° 
M= 5.6 > 6.4 
Ry/ft. = 2.2 x 10°» 1, x 10 
FIGURE 14 
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EFFECT OF VARIATIONS IN TEST CONDITIONS ON THE 
pe PRESSURE AND HEAT TRANSFER DISTRIBUTIONS OVER A HEMISPHERE CYLINDER / 
AT*~ = 0 
Moy * 13.48 15,9 
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FIGURE 15 
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PRESSURE AND HEAT TRANSFER DISTRIBUTION ON THE COMPRESSION 


. DXPANSION SIDES OF A HEMISPHERE CYLINDER 
ATX = 10° 
M = 6,38 

Ry/ft. = 1.36 x 10 
FIGURE 16 
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PRESSURE AND HEAT TRANSFER DISTRIBUTIGN ON THE COMPRESSION 
AND EXPANSION SIDES OF A HEMISPHERE CYLINDER 
AT of = 20° 
Mop™ 6.38 
Ry/ft. = 14 x 10° 


FIGURE 17 
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J, = 15° 
MS = 6,38 
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CAL Report No. AA-1661-Y -i 


ay APPENDIX A 
DATA REDUCTION PROCEDURE 


CAL 48-inch Hypersonic Shock Tunnel 
I. Test Conditions 
A. Measured Test Quantities 
1. Po - supply pressure ~ psi 


2. tj - time for incident shock to travela distance of 5 feet ~ 
microseconds : 


B. Computed Test Quantities 


1. M; = i = 882.1 (2) for a = 1133 fps. , 
1 
2 
2. Hox 1076 = 3,21 +@) x10°x ¢ | 
1 ; / 
Fig. 1 


3, M,, - obtained from nozzle airflow calibration 


aa 4, Po" (ge) t-eMzy FP, / 
where =~ is from.fig. 2 7 
5. 457-7 Po M2 . 
6, T= 166.5 (Hx 1076) (1 +.2M2) 7) at 
7, ©,x10° pei = 83,920 ae 
ry 00: - 
8. U, = 49.01 ( YT) (M,) : | , 
9. Re/ft. = fia Deo ley 
© 
where p, is from Fig. 3 for tT. 
10. Po -(22) ho 
where Pot. is from Fig. 4 
ll. T, is ey 5 . 
\ 
: ' Da-%OV0 
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APPENDIX A (Cont'd. ) 


q. 


Pressure Data 
A. p-«psi. Absolute model pressure 


B.. = 
Pro 


M2 Vo 


gE, X¥ =: 
VRy/it. x ¥/12 
* TT 
* = co 
Se te | 


2, T*=T, [1 +3 say .1667 ~ degrees Rankine 
r= 


3, py” is from Fig. 3 for temperature T* 


Heat Transfer Data 


A. Input from temperature time history data is used to compute 
heat transfer rate time Btpronies: 


(eal 
“x +4 


\ 


4e)* a 
qe) = Heat transfer rate at time cee 


t = Time interval between readings 

Vecok = conductivity characteristics of insulator 
(n) » Last ternperature interval 

(k) = Previous temperature readings 

T = Ternaperature reading ~degress Fahrenheit 


Heat transt:r time histories are then averaged at an interval 
consistent with pressure data readings. 


B. Computed Data 


i ee _BTU \ 
: TAVG on tt sec, - 
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a APPENDIX A (Cont'd. ) 
P H du.)\}5 
(a) G £1.25 (4) He ey td’ 814 ag?) (Hy -H,) (*¥e) x1079 


eye ett tts - 2a) 


(c) T! = T [to To 
S ot where 7 «Cis from Ref. 3. 
° 


1 
For this test, To. are listed in Table 1. 
. 


(d) Z,' =1.0 


i 6 _ Po | 3 
(e) @ x1l0° = 83, 920—-- ~ slugs/feet 
° 


(f) @,, x 10° = 83, 920 =o mv slugs/feet® 


w 


(g) hy is from Fig. 3 for To' 


(h) hy, is from Fig. 3 for Ty, = 533° Rankine 


co: 
= (i) HD = 0 for this test regime 
H 
© 
778 g 
3>6 ler ii as 
# Cog S00 Ho ~Hy, 
4. CH VRN/ft. x*/12 where x/12 = local dimension from reference point 
5, AVG . n 
— 
\ 
Figure Index | 
Fig. 1 H vs. M; 
Fig. 2 ~& vs. Hy 
; Pp 
Fig. 3 hve. T ° 
Fig. 4 Pol vs. M; 
do 
Fig. 5 T, vs. M; ; ‘ 
3 Fig. 6 Cc," vs. M 
* ys D2- 80910 
Fig. 7 | K" vs. T 
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PAF one 


SUMMARY 


This addendum presents the results of Runs 91 through 105 conducted 
for the Boeing Airplane Company by the Cornell Aeronautical Laboratory on 
Contract No, P.O. 2-045546-9155, These runs were made in the CAL 48" 
Hypersonic Shock Tunnel during August and November 1962. 


Because of scheduling problems, nine runs of the original contracted 
test program, which was conducted during March 1962, had to be run during 


August 1962, After running Runs 91--93, the model was removed to replace : 


faulty pressure transducers. Runs 94--99 were then run to complete the 

test. Subsequent inspection of the schlieren photographs showed that a 

shock wave was present which originated in the vicinity of the leading 

edge attachment to the main plate. These shocks may be seen in Figs. 49 ! 
through 50. It was determined that the gap between the two model parts 

was not sealed and the runs were rerun as Runs 100--105, Figs. 54 and / 
55 show that the shock had been eliminated during these runs by sealing 
the gap with model wax. Pressure and heat transfer data with and without 
the shock present are compared in Figs. 39, 40 and 42, 


Table I is the test log; Table Il lists the test conditions. The resulting 
a . \ 
data are tabulated in Tables Ill and IV and plotted in Figs, 38to46, 
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A he 
TABLE I 
TEST LOG 
: ’ 
Eat Run Configuration a M,, 2 ai Ry/itx 10° = 

A-2,57 91 Sharp Plate -15° 6.20 3010 3581 7.087 1,00 
92 -15° 5.62 5870 3634 2,139 98 
93 : -20° 6.19 3020 3581 6,991 1.00: 

94 -15° 6.19 3020 3586 7,001 

95 -15° 5.61 5860 3520 2,083 

96 -25° 6.18 3070 3681 7,019 

97 ~— Blunt Plate -15° 6.38 2090 3560 12,796 

98 -15° 6,18 3080 3776 7,150 

99 -15° 5.94 4220 3613 4,020 

100 . Sharp Plate ~15° 6.19 3040 3829 7.377 

‘101s. -15° 5.61 ©5850 3875 2,275 . 

102 -20° 6.18 3070 3810 7,278 

103 -15° 5,61 5850 3859 2.249 

104 15° 6.38 2080 3937 14.389 

105 = -25° 6.18 3050 3964. 7.652 

Note: On Runs %.--98 a gap was present between the leading attachment \ 
and the main body of the flat plate. This gap resulted in the a 


- formation of a shock wave as may be seen in Figs. 49 and 50... 
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PRESSURE AND HEAT TRANSFER DISTRIBUTIONS — 
ON A SHARP FLAT PLATE 


“o « Bie 
Ry/fi= h,3 x 10°. 


Figure 38 
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‘ON A SHARP FLAT PLATE 
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PRESSURE AND HEAT TRANSFER DISTRIBUTION 
ON A SHARP FLAT PLATE 
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Figure 1 
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